Currently, nutritional management is recommended when serum creatinine (Cr) ex- 
a more recent estimate of true prevalence among dogs attending UK primary care veterinary practices was around 0.4% (O'Neill et al., 2013) .
Prevalence may be much higher in areas endemic for vector-borne diseases such as leishmaniasis (Cortadellas, del Palacio, Bayon, Albert, & Talavera, 2006) . Data from IDEXX Laboratories, Inc in the USA, from approximately 3 million dogs with SDMA concentrations measured since July 2015, show that the prevalence of CKD increases with age ( Figure 1 ). Approximately, 7%-10% of dogs 8-10 years of age have elevated SDMA alone, or elevated SDMA and creatinine. Complications of CKD include metabolic disorders, especially hyperphosphatemia, metabolic acidosis, and hyper-and hypokalemia, as well as dehydration, anaemia, proteinuria, and arterial hypertension (Polzin, 2011) . Chronic kidney disease occurs mostly in older dogs, and cardiac disease is a frequent comorbid disorder (O'Neill et al., 2013) . iris-kidney.com/pdf/treatment-recommendation-dogs.pdf). Dietary interventions that might benefit renal function in non-azotemic dogs with moderately reduced glomerular filtration rate (GFR), yet persistently impaired urine concentrating ability or persistent proteinuria, e.g., IRIS-Stage 1 CKD, have not been well studied. Typical therapeutic renal foods have reduced protein, phosphorus, and sodium content, increased caloric density, increased buffering capacity, and increased soluble fibre, B-complex vitamins, antioxidants, and omega-3 fatty acids (Polzin, 2013) . The goals of nutritional therapy are to slow progressive loss of kidney function, reduce clinical and biochemical consequences of CKD, and maintain adequate nutrition (Brown, Elliott, Francey, Polzin, & Vaden, 2013; Polzin, 2013) .
In a double-blinded clinical trial, dogs with spontaneous CKD fed therapeutic renal food experienced a median of 615 days before uraemic crises developed vs. 252 days in dogs fed maintenance food (twice as long) (Jacob et al., 2002) . The dogs fed renal food lived at least 13 months longer than the dogs fed maintenance food (Jacob et al., 2002) . It was also noted that feeding renal food to dogs with a lesser degree of azotemia (serum Cr concentration 2.0-3.1 mg/dl) delayed the onset of uremic crises by approximately 5 months (Jacob et al., 2002) . It is unknown if the renal function is stabilized (based on serum renal biomarker concentrations) in non-azotemic dogs with IRIS-Stage 1 CKD with early dietary intervention.
The purpose of this study was to assess the acceptance of a therapeutic renal food and its influence on the renal function biomarkers when fed to client-owned dogs with IRIS-Stage 1 CKD over a 12- 
| METHODS

| Ethics
This study protocol was reviewed and approved by the Institutional Animal Care and Use Committee, Hill's Pet Nutrition, Inc, Topeka, KS, USA (Permit Numbers: 09-488 and CP-522). Procedures were designed to avoid or minimize discomfort, distress, and pain. Dogs were monitored for any signs of disease. If an adverse event occurred, the dog's health took precedence over continuation in the trial. Owners signed an informed consent form before enrollment of their dog and had to agree to comply with the instructions given by the veterinarian and listed in the consent form.
| Dogs and study design
This was a prospective, longitudinal feeding study of 12-months duration utilizing a "before-and-after" study design. Participating Veterinarians and owners were compensated for their participation in the study. Study food was provided free of charge to pet owners participating in the study for the duration of the study. The veterinarians and the owners were blinded as to the sponsor of the study, as food was provided in bags that were marked with tracking codes but no other indications of the contents. The owners were instructed to maintain the renal food at room temperature in original food packaging.
At each visit, owners filled out a questionnaire regarding whether their pet liked the food, their attitude while eating, and the amount of food consumed (Fritsch et al., 2015) . Pet owners kept daily logs during the first month to record the amount of food consumed and the amount not eaten. They also recorded the stool appearance. Owners were asked to assess the overall health and quality of life using a 7 point scale: (1) extreme improvement, (2) moderate improvement, (3) slight improvement, (4) no change, (5) slight deterioration, (6) moderate deterioration, and (7) extreme deterioration (Fritsch et al., 2015) .
Owners were asked to assess the energy level and youthfulness and vitality using a 5 point scale: (1) greatly increased, (2) slightly increased, (3) about the same, (4) slightly decreased, and (5) greatly decreased (Fritsch et al., 2015) . Owners were also asked to assess their dog's hair and coat quality based on lustre, amount of dandruff, texture, and shedding using a 5-point scale: (1) much more shiny, much less dander, much more soft, much less shedding, (2) slightly more shiny, slightly less dander, slightly more soft, slightly less shedding, (3) about the same, (4) slightly more dull, slightly more dander, slightly more course or brittle, slightly more shedding, and (5) much more dull, much more dander, much more coarse or brittle, much more shedding.
| Food composition
Food composition, expressed as amount/100 g dry matter, for Table 1 . Offering amounts were based on the presumed resting energy requirement (RER) for each animal: RER = 70 × (ideal body weight in kg) 0.75 . The RER was multiplied by a factor of 1.6 to meet maintenance energy requirements, with additional instructions to maintain body weight by increasing or decreasing food intake.
| Serum and urine analyses
Blood was collected from each dog (after withholding food overnight) at each time point to assess complete blood count and serum chemistries. Serum Cr and BUN concentrations were determined by a commercial veterinary laboratory using enzymatic colorimetric methods. All serum SDMA concentrations were determined retrospectively, after the feeding trial ended, from serum stored at −70°C in serum banks, if left over serum was available. Serum SDMA concentrations were measured by liquid chromatography-mass spectrometry (LC-MS) as previously described (Hall et al., 2015) , with an assay validated in dogs (Nabity et al., 2015) . The reference interval for serum SDMA in healthy dogs was <14 μg/dl (Rentko et al., 2013) .
Urine was collected by cystocentesis at each assessment period for routine urinalysis and UPC. Urine specimens were packaged with frozen gel packs, and shipped overnight to the commercial laboratory (Marshfield Labs, Marshfield, WI) for immediate analysis of urine pH, USG, routine dipstick analysis, semi-quantitative urine sediment analysis, and UPC. Urine specific gravity was determined using a refractometer. Urine Cr concentration was used as an internal reference and measured with the same assay as serum Cr. Urine protein concentrations were determined using urine supernatant (benzethonium chloride turbidometric method). The UPC ratio calculations are reported as mg/dl protein: mg/dl Cr.
| Statistical analysis
Statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC). For all 36 dogs, serum BUN, Cr, and SDMA concentrations, UPC, and USG were analysed using a linear mixed model for repeated measures with month as fixed effect in the model (PROC MIXED). Response variables were tested for normal distribution using the Kolmogorov-Smirnov test, skewness, and kurtosis measures, and inspection of plots of the data in PROC UNIVARIATE. Based on these tests, all data were normally distributed. p ≤ .05 was considered statistically significant, whereas p ≤ .10 was considered a trend. An overall f-test with p ≤ .10 with time as a main effect was required for subsequent evaluation of a difference between times. If a difference between times was evaluated, all subsequent times were compared with the initial value. Data from all dogs was included until the time of drop out.
The analysis was repeated in a subset of dogs (n = 20) that completed all 12-months on the feeding trial according to the protocol.
The PROC MIXED analysis was performed to evaluate the effect of time on response variables within each treatment group. All data are reported as least square means ± SEM.
In a subset of dogs that had persistent proteinuria with UPC ratio >0.5 at baseline (n = 16), a Chi-Square analysis was completed to determine if a significant number of dogs experienced a change in proteinuria. Categorical assignment was based on increasing or decreasing UPC ratio across time. Statistical significance was declared at p ≤ .05.
Owner assessments of whether their pet liked the food, their attitude while eating, and the amount of food consumed were expressed as a percentage of the sum of all dogs at all-time points in a particular category divided by the sum of all dogs at all-time points. Owner assessment of stool appearance was expressed similarly.
To determine whether the owner assessments of health and quality of life attributes, and owner assessments of hair and coat quality attributes changed over the course of the study, ownerreported scores were subtracted from 4 the "no change" response for overall health and quality of life attributes, or from 3 the "about the same" response for energy level, youthfulness or vitality, and hair and coat quality attributes at each time period (3, 6, 9, and 12 months).
A positive value indicated improvement since the previous exam pe-
riod. An overall mean response for each dog was then calculated. The means of individual dog's mean values were evaluated using PROC MIXED against the null hypothesis of no change. Again, p ≤ .05 was considered statistically significant whereas p ≤ .10 was considered a trend. To evaluate whether subsequent improvements were different from the initial improvement, each subsequent time period was compared with the initial response using PROC MIXED.
| RESULTS
| Dogs
Of the 36 dogs categorized as IRIS-Stage 1 CKD, all had serum Cr concentration <1.4 mg/dl, 20 had persistently dilute urine (USG < 1.020)
without identifiable non-renal cause, six had persistent proteinuria of renal origin (UPC ratio >0.5), and 10 had both persistently dilute urine and proteinuria. At baseline, 50% of SDMA concentrations were >14 μg/dl. Thirty five dogs completed 3-months, and 27 dogs completed 6-months on the feeding trial. Overall, 20 dogs completed 12-months on the feeding trial according to protocol. One dog was dropped out at 1 month because it refused to eat the renal food. The most common reason for dogs consuming renal food not to complete the 12-month feeding trial was owner withdrawal after 3 months (n = 6) and after 6 months (n = 1). The owners had originally agreed to enroll their dog in a 3-month study but the study was extended to 12 months, so they were given the option to withdraw their dog after 3 months. Additional dogs were dropped after 3 months because owners did not comply with the study protocol (n = 2). Two other dogs dropped out after 6 months, one because of a ruptured spleen and hemoabdomen (euthanized), and one because of polyuria and polydipsia with inappropriate urination in the house. Four more dogs dropped out after 9 months: one with prostatic carcinoma, one with pulmonary neoplasia, one with pituitary-dependent hyperadrenocorticism, and one with acute on chronic renal failure (euthanized). For the 20 dogs that completed the 12-month feeding trial, mean age was 8.2 years (median, 8 years; range, 2-14 years). There were 14 ovariohysterectomized females and six neutered males. Mean body weight was 24.6 kg (range, 3.3-47.0 kg).
| Renal biomarkers, serum metabolites, and urinalysis parameters
Dogs consuming renal food showed decreases in serum Cr and BUN concentrations across time (both p ≤ .01; Figure 2 ; Table 2 ) and a decreasing trend in serum SDMA concentration (p = .09). All serum renal biomarkers (Cr, BUN, SDMA) were decreased (p ≤ .05) from baseline by 3 months, and remained decreased from baseline at 12 months in dogs completing the study (n = 20). These conclusions were also true when considering only the 20 dogs that completed the study (Table 2) .
Serum albumin and phosphorus concentrations did not change significantly across time.
The USG showed a decreasing trend across time (p = .09; Table 2 ), but not the UPC ratio (p = .88). The USG was decreased from baseline at 3 and 6 months (p ≤ .05). Results were similar when the analysis was limited to the 20 dogs that completed the study.
In a subset of dogs (n = 16) with persistent proteinuria of renal origin (UPC ratio >0.5), consuming renal food resulted in decreased UPC ratio in all six dogs with proteinuria compared with baseline.
Of the 10 dogs with persistent proteinuria of renal origin and persistently dilute urine (USG < 1.020) without identifiable non-renal cause, consuming renal food resulted in decreased UPC ratio in six dogs and increased UPC ratio in four dogs. The overall effect of time on food was a decrease in proteinuria in dogs with UPC ratio >0.5 (p = .045).
| Success of transitioning to the renal food
Of the 36 IRIS-Stage 1 CKD dogs that started the study, 35 (97.2%) dogs transitioned to the renal food. One dog was dismissed after the first month of the study because of palatability concerns.
F I G U R E 2 Serum SDMA (black bars) and Cr (striped bars) concentrations (means ± SEM) at each visit are plotted for all dogs (n = 35 at 3 months; n = 27 at 6 months; n = 24 at 9 months; n = 20 at 12 months) at all-time points for which data were available. Serum SDMA and Cr concentrations were decreased (**p ≤ .05; *p ≤ .10) from initial baseline values by 3 months, and remained decreased from baseline at 12 months in dogs completing the study (n = 20)
T A B L E 2 Renal function biomarkers, serum metabolites, and urinalysis parameters for IRIS-Stage 1 chronic kidney disease dogs at baseline (initial) and after consuming renal food a for 1, 3, 6, 9, and 12 months (mean ± SEM) 
| Owner assessment of overall health and quality of life attributes
At each visit, owners were asked to rate how overall health, quality of life, energy level, and youthfulness and vitality had changed since the previous visit. These parameters were rated on a 5 or 7 point scale, with a score of "1" being the most favourable and a score of "5" or "7" being the most unfavourable. The middle score represented "no change" or "about the same" ( 
T A B L E 2 (Continued)
F I G U R E 3 Owners' assessment of whether their pet liked renal food (Prescription Diet ® k/d ® ), their attitude while eating, and the amount of food consumed recorded at 3, 6, 9, and 12 months. Overall percentages were calculated for all dogs at all visits F I G U R E 4 Owners' assessment of stool appearance at 3, 6, 9, and 12 months after transition to renal food (Prescription Diet ® k/d ® ).
Overall percentages were calculated for all dogs at all visits
| Owner assessment of hair and coat quality attributes
At each exam, owners assessed change in hair and coat quality attributes since the previous visit. Coat lustre, amount of dandruff, coat texture, and amount of shedding were rated on a 5-point scale,
with a score of "1" being the most favourable and a score of "5" being the least favourable. The middle score represented "about the same" (Table 3 ). All hair and coat quality attributes were significantly (p ≤ .05) or tended to be (p ≤ .10) improved across time. Although there was significant initial improvement noted at 3 months (p ≤ .05), there was no further improvement, nor deterioration, noted at 12 months. and Cr concentrations after feeding a different test food for 6 months (protein, 23.58 g/100 g dry matter; phosphorus, 0.74 g/100 g dry matter; and functional ingredients designed to promote healthy aeging) (Hall, MacLeay, et al., 2016) . Both the food fed in this study (Prescription Diet ® k/d ® ) and the food fed in the former study (test food) had lower protein and phosphorus concentrations than industry averages (Debraekeleer, Gross, & Zicker, 2010) . In the Debraekeleer report, protein and phosphorus concentrations for 65 canine foods sold for growth, reproduction, young adult dogs, and mature adult dogs were 26.6 g/100 g dry matter average protein concentration and 0.98 g/100 g dry matter average phosphorus concentration. In both our studies, renal foods were lower in protein and phosphorus than industry averages, but adequate for Nutrient Requirements of Dogs (NRC 2006) recommended allowances. However, benefits of renal T A B L E 3 Owner assessment of health, quality of life, hair, and coat quality attributes. Owner-reported scores were subtracted from the "no change" or from the "about the same" responses in each category at each time period (3, 6, 9, and 12 months). A positive value indicated the improvement since the previous exam period. An overall mean response for each dog was calculated based on the amount of time each dog was enrolled in the study The means of individual dog's mean values were evaluated using PROC MIXED against the null hypothesis of no change. A p ≤ .05 was considered statistically significant while a p ≤ .10 was considered a trend. b Owners were asked to assess overall health and quality of life using a 7 point scale: (1) extreme improvement, (2) moderate improvement, (3) slight improvement, (4) no change, (5) slight deterioration, (6) moderate deterioration, and (7) extreme deterioration. c Owners were asked to assess energy level and youthfulness and vitality using a 5 point scale: (1) greatly increased, (2) slightly increased, (3) about the same, (4) slightly decreased, and (5) greatly decreased. d An overall mean response for all health and quality of life attributes or all hair and coat quality attributes were evaluated using PROC MIXED against the null hypothesis of no change. A p ≤ .05 was considered statistically significant while a p ≤ .10 was considered a trend. e Owners were also asked to assess their dog's hair and coat quality based on lustre, amount of dandruff, texture, and shedding using a 5-point scale: (1) much more shiny, much less dander, much more soft, much less shedding, (2) slightly more shiny, slightly less dander, slightly more soft, slightly less shedding, (3) about the same, (4) slightly more dull, slightly more dander, slightly more course or brittle, slightly more shedding, and (5) much more dull, much more dander, much more coarse or brittle, much more shedding.
| DISCUSSION
food were unlikely related solely to protein and phosphorus concentrations. Traditional nutritional studies have focused on individual nutrients or foods, but their additive or interactive influences may be better observed when complete diets or several nutritional interventions in combination are studied in healthy aeging trials (Lin, Fung, Hu, & Curhan, 2011) . Thus, it is likely that the combination of high-quality, adequate, but lower than the industry average protein concentrations, and adequate, but lower than the industry average phosphorus concentrations, along with antioxidant and (n-3) fatty acid enrichment all contributed to improving renal function in these studies.
In humans, the decline in renal function that occurs in aeging and CKD populations may be linked to increased levels of oxidative stress and inflammation (Vlassara et al., 2009 ). Food is a major source of oxidants, and diets can be modified to effect changes in oxidant burden (Vlassara et al., 2009) . A pro-inflammatory diet, based on the putative pro-inflammatory and anti-inflammatory effects of nutrients, vitamins, and trace elements, is associated with the systemic inflammation as well as with reduced kidney function (Xu et al., 2015) . Thus, inflammation may be one of the pathways through which diet can affect kidney function (Xu et al., 2015) . (Hall & Jewell, 2012) . These polyunsaturated fatty acids (PUFA) subsequently influence the physical nature of cell membranes and membrane protein-mediated responses, including lipid-mediator generation, cell signalling, and gene expression in many different cell types (Calder & Yaqoob, 2009 ). The (n-3)
PUFA and lysophospholipids (Hall, Brockman, & Jewell, 2011) and eicosanoids derived from EPA and DHA may protect against excessive inflammatory reactions. Previous studies in dogs with a remnant kidney model of CKD have shown that feeding foods enriched in (n-3) PUFA also attenuates glomerular hypertension, tubulointerstitial fibrosis, glomerulosclerosis, and limits the production of proinflammatory eicosanoid mediators such as PGE 2 and TxA 1 (Brown et al., 1998 (Brown et al., , 2000 .
Measurement of GFR is the gold standard method for estimating the renal function and staging kidney disease (Von Hendy-Willson & Pressler, 2011) . Because measuring GFR is technically cumbersome and expensive, serum Cr concentration has been the standard surrogate for GFR (Polzin, 2013) . However, serum Cr has limitations as a biomarker for kidney function, most notably insensitivity because it remains in the normal reference interval (with a flat slope over much of the GFR range) until GFR is reduced approximately 75% (Finco, Brown, Vaden, & Ferguson, 1995; Hall, Yerramilli, Obare, Yerramilli, Almes, et al., 2016) . Other non-renal factors also influence serum Cr, including endogenous production by muscle, such that muscle mass, breed, and sex influence serum Cr concentration. Because older animals have less muscle mass, age indirectly affects serum Cr concentration (Hall et al., 2015) . Nonetheless, serum Cr concentrations were significantly decreased by 3 months, and continued to decrease over the 12-month feeding period in dogs completing the study.
We recently showed in dogs that serum SDMA correlates with GFR (Hall, Yerramilli, Obare, Yerramilli, Panickar, et al., 2016) and is not affected by changes in muscle mass with aeging (Hall et al., 2015) . In addition, serum SDMA concentrations increase earlier than the serum Cr concentrations in dogs with CKD (Hall, Yerramilli, Obare, Yerramilli, Almes, et al., 2016) . SDMA has been shown to be an accurate and precise biomarker for calculating GFR in humans (Bode-Boger et al., 2006) , as well as a more sensitive biomarker than serum Cr for assessing renal dysfunction (Dixon, Lane, Dalton, MacPhee, & Philips, 2013) . In our study, decreasing serum SDMA concentrations suggested improvement in GFR, i.e., stabilization and compensatory renal function. Importantly, we were able to detect this effect by monitoring serum SDMA concentrations, which were significantly decreased by 3 months, and remained decreased at 12 months in the subset of 20 dogs completing the 12-month feeding study.
In addition to the improvement in GFR, the reason that BUN concentrations decreased after one month in this study was because di- (Forrester, Adams, & Allen, 2010) , to control signs associated with uraemia and accumulated waste products derived from protein catabolism. We and others have previously reported that foods containing 14% protein provide adequate protein for the maintenance of adult dogs (Hall & Jewell, 2012; Jacob et al., 2002) . Indeed, serum albumin concentrations in this study did not change across time.
No change was noted in UPC ratio across time when considering all 35 dogs, or dogs completing the 12-month feeding study.
However, in a subset of 16 dogs with persistent proteinuria of renal origin, consuming renal food resulted in decreased UPC ratios in 12 dogs compared with baseline UPC ratios. This finding suggests that renal function had stabilized. Previous studies in dogs with a remnant kidney model of CKD have shown that feeding food enriched by 15% in (n-3) PUFA attenuates proteinuria (Brown et al., 1998 (Brown et al., , 2000 . In humans, a meta-analysis on the use of long-chain (n-3) PUFA supplements showed decreased urine protein excretion (Miller et al., 2009 ).
Proteinuria is a negative prognostic indicator for dogs with declining kidney function (Vaden & Elliott, 2016) . Thus, decreased UPC ratios in 12 of 16 dogs with proteinuria was a positive finding.
Overall, dogs did not show an increase in urine concentrating ability during the 12-month feeding period, rather USG was further decreased by 3 and 6 months compared with baseline. However, by 12 months, USG was no longer different from baseline in dogs completing the study. Decreasing serum SDMA concentrations suggested improvement in GFR, reflecting stabilization and compensatory renal function at the filtration level. At the renal tubular level, loss of concentrating ability may be one of the earliest indicators of kidney dysfunction and it usually occurs when two-thirds of nephrons are non-functional. The renal interstitial osmolarity gradient is decreased because of increased urine flow per nephron or because of an inability to establish and maintain the medullary concentration gradient. In this study, we did not see improvement of tubular concentrating ability.
Limitations of this study include lack of GFR determinations, lack of a true control group that did not receive renal food, and high dropout rate. Because this study was performed in client-owned animals, randomized, placebo-controlled feeding trial, serum biomarker concentrations in this before-and-after study design are not subject to owner or operator bias.
It is usually recommended that a gradual switch from grocerybranded food to renal food be made over a 7 to 10-day period (Polzin, 2013) . Of client-owned dogs with IRIS-Stage 1 CKD, all but one (97%) transitioned to the renal food (Prescription Diet ® k/d ® ). Owners reported that renal food was generally well liked (88%), dogs ate enthusiastically (76%), and dogs consumed most or all of the food offered (84%). Pet owners also reported that stool quality was very good in 93% of dogs, with only 7% of dogs producing semi-formed faeces.
Overall health and quality of life attributes and hair and coat quality attributes significantly improved. The most improvement in hair and coat quality was noted at 3 months with no further improvement, nor deterioration, assessed thereafter. However, there was significant ongoing improvement noted in overall health and quality of life attributes at 12-months, similar to the improvement noted in renal biomarkers over the 12-month feeding period. It is possible that increased (n-3)
PUFA content in renal food resulted in a faster positive response in hair and coat quality attributes, yet this response was sustained. The changes in overall health and quality of life attributes were more grad-
ual, yet consistent with the improvement in serum renal biomarker concentrations. The UPC ratio and USG did not change over time.
These results suggest that consumption of renal food actually stabilized or slowed the progression of CKD.
| CONCLUSIONS
Dogs with CKD readily transition to renal food. Feeding dogs with IRIS-Stage 1 CKD a renal food for 12 months resulted in stable renal biomarker concentrations, in particular decreases in serum SDMA and
Cr concentrations, and owners noted improvement in overall quality of life attributes. These results support the recommendation that feeding a renal diet to dogs with IRIS-Stage 1 CKD should be considered the standard of care (Polzin, 2013) .
